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Effects of 1-deoxynojirimycin on the growth and development and detoxification
enzyme activities in fall webworm Hyphantria cunea (Lepidoptera: Arctiidae)

Mo Xiana Pan Zhongyu Chen Min’

(Beijing Key Laboratory for Forest Pest Control, College of Forestry, Beijing Forestry University,
Beijing 100083, China)

Abstract: In order to reveal the adaptation mechanism of fall webworm Hyphantria cunea to host
plants containing 1-deoxynojirimycin (DNJ), the larvae of H. cunea were fed with artificial diets con-
taining different concentrations of DNJ to determine the mortality, growth and development indices, nu-
tritional efficiency indices and detoxification enzyme activities of H. cunea larvae in this study. The re-
sults showed that the mortality rate of the 5th instar larvae of H. cunea treated with DNJ was signifi-
cantly higher than that of the control and the highest reaching 52.50% (2.0%) after six days. The sub-
lethal concentration (LC,;) and median lethal concentration (LC,)) were 0.41% and 1.80% after treat-
ment for six days, respectively. The whole developmental duration of H. cunea larvae was prolonged by
20.75%, and the total survival rate, pupation rate, sex ratio and single female oviposition were signifi-
cantly decreased with 0.5% DNIJ treatment. The relative consumption rate of the H. cunea larvae treated
with DNJ was significantly increased, while the conversation efficiency of digested food, conversation
efficiency of ingested food and relative growth rate were lower than those of the control group, and all

of them gradually decreased with increasing concentrations of DNJ. The activities of cytochrome P450
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enzymes, glutathione S-transferases and ATP-binding cassette transporters in the midgut of the 5th in-

star larvae of H. cunea were induced by DNJ, although the induction patterns of each enzyme were dif-

ferent. These results indicated that H. cunea larvae might have developed a physiological adaptation to

the toxicity of some concentrations of DNJ by regulating food utilization strategies and activating de-

toxification metabolism.

Key words: Hyphantria cunea; 1-deoxynojirimycin; growth and development indices; nutritional effi-

ciency indices; detoxification enzyme activity
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(Ph~FEESF,2015) , HAF =96 )z S E BN e
M2 FAEY) A 630 ZF (Edosa et al., 2019) , HH:
A N FEAER WY K, R R E E T EMOR R
B AETTF B ARAED) R 22 HAE 300 Z R ) (13
25,2003 5 5K RS , 2004 5 1 s ATk K 22, 2007) .
B AT F 5 O A R AR B A e D % )
AH 2K (Vadassery et al. 2012; R 245 ,2015) , BRIk,
PR 2 [ 10T 2 FiAE P A= A I 1 i 22305 07 i
T3, A B T8 7 HOW AN [RIAE 9 00 3 AL R A aF 4
SR INTERLEE

1- i 52 87 P 8% & (1-deoxynojirimycin, DNJ) J&
— PR NE 2 22 2 B A WAl ok A A o, 7
TA YRR T2 AEAE 6 o= A A A
AR P (FE AR 0655, 2018 ) o RIS i AR | I T e
AH I =R A B4 A 9 1 VR F T 452 G (Kimura
et al.,2007) . [l DNJ A X0 22 0 B v B e iy A=
KRB AT RS AR, W DNJ A 520
i S % Mgk Spodoptera exigua . /)N 3% W Plutella xylo-
stella FIEEFE, Lymantria dispar B4 &% B FESHE ,
I3 B e AR AR AP LA (4R, 20125 AR A4,
2018) ; DNJ 8 3f #1101 Fei W T A g P W TR R 52 i)
BEWKAR Samia cynthia ricini F1ZZ#E Bombyx mori X1 i
(AT IR VA RR AR 388, AT 3% M) H A K % B (Konno et al.,
2006; Hirayama et al., 2007 ; RZLEZ 45 ,2016) . A
JE DNJ % it 8 A (Hu et al., 2013) , W12 56
] 1 e = B A EAE A 2 — (ZE5R 4 ,2003) . K
TS 45 DNJ & £ im0 19 25 A0 36 1 e Ak
KB IR0 LK S B g an ey 726 A= 2R AE Ak
TP L A 38 W A 58 R WA A

P B HLB A5 e H K S-7% % 1l (glutathione
S-transferase, GST) . & IR g fif (carboxylesterase,
CarE) Fl B H 40 }y {0, % P450 [if§ (cytochrome P450,

CYP450) 55 fif 22 il R e e AR EHE Y A BRI A
J5 T B A AR (O FT 55, 20135 28 i 95 55
2018) , 4n E Rk (2020 ) BF5T & BAMNMERR KA 12
T MR 3R ARy B 6 R R AR A B 3 Ik
A b P e SR AR K R R SR ]
DL 3o 42 i A Y CYPA50  GST %5 fife 75 Bl T35 1k 5 1
IE YRR AR I3 5 S 1 1t A DAY e 2 T ) 5 A o)
TR E AT 5w Z R B ) Rk B %L N (Yuan et al.,
2020) , AT 38 A I8 A M R A G N B
7/ o N =R S = g1 A Y S S ) VAT WA R |1 04 N BRI
FEFE IR A AR B6T B B SR80 8 bR 14 52 1 A
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(1-deoxynojirimycin, DNJ) , li&R % 7+ B AW RH A
FRA ) 5 21 8299.5% (1) — F L AN (dimethyl sulfox-
ide, DMSO) , [ 244 A1 fb. 2= 157 47 BR /A =] ; PBS 2%
MR, b Bl AR YRR A BR A R CYP450 T
RGBS A PR W) s GSTs T 11 £
IR AE R A BR A R ATP 45 & & ki &
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(ATP-binding cassette transporter, ABC) M i& i
& CarE M@ 38000 & R i 1R ) 28 W PR L 75
fiff (uridine diphosphate glycosyltransferase, UGT) {ill
A&, R A YR A BR AR B R
FETRF &, b R R AR YR AR B |5 oA
YoM E =014, SpectraMax 190 Z I REREFRY , 36
MD A Hl 3 RXZ-500B B9 TS A5HE , TPV RIAY
s

1.2 Ak

1.2.1 A DNJ#A T4 Beh)

T A STk G T S v DNI 5 = 4 A
(MR AR S, 20095 254415 55, 2020 85R055, 2021 ) , A
58 DNJ i 8 5o f W 3, BN T 41 L DN
BE 4391 M 0.125% . 0.25% . 0.5% . 1.0% F1 2.0%. HL
2.0 g DNJ JH 5 mL 10% DMSO % i, i I %2 93 g 87
e 1] ) A O 1 A N T ek ep YR AT, BV AR 100 g
T 2.0% DNJ RN TARDRE . AR IR Y D7 32:4% Lo e i)
HAT 4P DNT AT AR, LA 5 mL (1% 10%
DMSO ) 100 g A\ T AaREME A3t iRk
1.2.2 DNIsH £ E &34 & ey A nl e

Ptk A K — B S i 5 4l YU 12 h
Jei FH 2 TR e B DINT A N T DR Bt s A e
TR EE (25+1) °C ABXRESEE 73% G 16 L:8 DY
N AR PSR, R ANES B ER
1034l d . RERMEIF L R4 HAE T 1500, B2
B M AR TE SO, T4l AR FET . THRAE T A
KEIEFET R B IEFE TR = (Ah B AE 1~ 5% - X HE 41
FET-3)/(1-XF B SBT3 ) x100% ., MG A BE 1
FET%41, H SPSS 21.0 FR A4 R A ZAE 53T 5 1: 3545
B ENE AR O EOEHEE LC, AR B LC,,.
1.2.3 DNJx £ B Gk A KA A AT 350

i 56 & 0 26 [ 0 1~2 3% &)y B DN A i
JB, 4 0.5% DNT B9 T ARk W s tGE 2B T,
T AR [ A e 5 2 A T S A ORI S | AR
0.5% DNJAE i g ik i, 26 B 3 i 4l BT 1R i 5 o
B30 Sk W K7 i) 5 [ P ik 3 % 4 ULk AR B 12 h
J& B0 0.5% DNI N T A Ak ep 4 5% ]k LAY
HE ] ] M ) 4 HRUAE SRy o BE AL, IR (25+1) °C
FIXHBEE 73% SEJE) 16 L:8 DAY A T Af sl
Ie B3 EY e . WS A bR
FRI 40 B A BB AR 75 mm . (5 40 mm YA o5 9
AL SR HUE Y BRI I, R SR Ay LU I Ry A
FET- A IE O IFIC 5% o A 40 HL 2 YRAHAR I K 22 [R] Y K
BORA IR R TIPS R Al A% 13k

AL AT 2C D 7 01, RN R E 3 AN AR
SR AN S X R AR PR I A S
Gt oA
1.2.4 DNIxT £ B &34 &2 R R IR %8

P Az AR — B LR 12 b 56 [ gk S 0%
41 1, e PRI B 45 (2020) J7 1 8 4578 FE 300 15
Fro BT & AN TPEHRYLER 12 h A9 5944 H 10 3k,
JC R A IO IR, J3 B PR B & 8, SR /5 80°C TR 4t
T AEE, 23 i o B F R E AR Al
TR TR 3R MR T, FriE 180 ki
PREE AR R T N TR R o, SR B T AN RV B
DNJ B A Tk L K ot BE AR RE ep | 8 1 I (25«
1) C AHXTRE 73% 653 16 L:8 DI N T M
Firbigs. BB EYFER B ER 105k
g B 48 hF U IR kL, RE4h BLik 12 h
JEHEH ZEAE B gl He SR A RO 80°CHE
FETHET 2, A SRR T AR A RS 4
T G E AR . AR KL
A KR AR AR R L R g T, AR X
B GERLE AR BRI R B AR AT
i A K (Waldbauer, 1968 ) ., #H % BUE =41 H1
1 a6 1A (] &)y HU P 4 A 00 R 800 L 41
B =) W i e T — ] MR A 5 A M i
o) o} =] W Al i B DR K S IR i ]
M F DR KR = (25 (21 T R e -5 A0
B ) /28 A DR 6 R 5 i 1 (R] &) A 44
= (R &)y BT B+ R 4 D) /2, AR
2y H o =] MR T &)y e -4y S K SRR T 4
HOEE R 4 U KR = (25 A 9l B -2 (1 414D
W )/AS P14 A e ROk 2 d; I LT
3= (4 R - 2S00 T 8 /4 U Bt < 100%,
1) I FH 2R = DR S 40y H A G /4l B
T x100% , TR MR 4l AR 1 i = 1R S 4l LT
R T4l T W A A= M 4 A A
N/ (4] R i -2 T ) x 100% ; 41 A
X A A =] MR I ) A B 4G e/ (6 1 6] 4
HF AR T B R E) o
1.2.5 DNIxt £ B ¥ %) & i 285 %k

P Az R AR — ) 32 [ 1k 5 4 L, LK
12 h i FH & AS [ He BE DNT B9 T A A B %) BE A e
TN, TR EE (25+1) °C AHXHREE 73% JGRI 16 L:
8 DN TAMRA i S5 . R bR E 3 Y
FEE BN EE 108, HFR36 hE, B4t
PR S S AT AR, B T i, 0 B R 2% op
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W (pH 7.0) W%, %5 PBS 2B nii4ie i 1: 9 (it
IRFREL) A TVKIR 219K, F 4°C .8 000 r/min 7514 T &
AL 10 min, B 35BN A B R, T 4°CERRAF . 09l
B 10.15.10.5 }2 10 pL il 5 % B8 CYP450 . GST .
ABC #35#5 19 . CarE I UGT (83 5 328 50 & 1 B 45
M€ CYP450 .GST \ABC ¥41iz 8 .CarE M1 UGT 1.
Fofo e B TG 7 5 B 20 WL Tl DI VR 9 HR B 1 A 0
T 7R 6 I il R ) B R B, Tl M R
&
1.3 HIESH

K SPSS 21.0 B A X B s A T H 1 bT
R Student’ s ¢ K B0k A K & B bR T 22 55 0
FEA S, AR bR R Tukey BEUEfT 22 53 0 3
PEREIG .

2 ERESH

2.1 DNJXEER#HAHIET RN

BB &R v B2 DNT N TR RE 4 d s, 36
I S W 4 P LR SE T, HAET- R Bl % DNJ Ik i 1
TR Acb BB ] A2 A< 1 5 v (1) 5 BCE 5 R[]
W DNT N T AR 6 dJe , S5 10k 5 i 4l HaE T
A 10.00%~52.50% , 347 5t 3 i T4 B (P<0.05) ; 48
T35 DNJ X € [ 09 5 % 40 MR 25 1 [l 03 5 72
y=—-0.437+1.706x, H1 5 /7 [B] A )5 # it SR 8o ik i
LCy, M 1.80% , WEHBEH EE LC, M 0.41%.
2.2 0.5% DNJXEERHEKEZENZEN

% 0.5% DNJ N T hapkbm i Js , 55 [ ik 3 1%
41 MUY 3~5 4 K T D3 Ak R I S5 SR K (P<0.05)

435120 4.00.7.10 F15.40 d, 6.5 2 7 7 5 %60 e 24 5
AN, N 3.70 d,7H# Kk E DI RO I 25 46 (P<
0.05), 24 3.50 d, %) M1 B & B Dy 130 R i A K
20.75%(P<0.05), 25.60 d(%1). £ 0.5% DNIHY
N T eHr s, 55 1 k4l BB A7 TG 3 AR |
Tfi M LU R B 5 B R 53 5 R 72.22% .92.31% . 0.45
F1555.08 i, #5 4 ZAK T % B (P<0.05, % 1), 3R W
DN X3 [ P 0 A 1 & B A 1 HAT BE S g
HYE

01  _axtmck

——0.125% DNJ e
—4—(.250% DNJ
-v-0.500% DNJ
—e—1.000% DNJ
—2.000% DNJ d

50+

BJET-F Mortality/%

1 2 3 4 5 6
BB A Feeding time/d

B 1 XEBHS IR HAEREDNILEEHETE
Fig. 1 Mortality rate of the 5th instar larvae of Hyphantria

cunea fed on artificial diets containing different
concentrations of DNJ
P St - S B R R . AR/ NG P RER
TR ZE Tukey K256 24 55 1.3 (P<0.05) . Data in the figure are
mean or mean+SE. Different lowercase letters indicate signifi-

cant difference by Tukey’s test (P<0.05).

&1 0.5% DNJ B EEEH#H 3 M BN EK L BT I5HR

Table 1 Growth and development parameters of 3rd instar larvae of Hyphantria cunea treated with 0.5% DNJ

% % & 1] Developmental duration of larval instar/d

FULIOSY 4= p/ik Ui

AL Developmental duration

Treatment 3% 4% S 61 7l of lzrval instar/d
3rd instar 4th instar Sth instar 6th instar 7th instar

MHECK  3.0040.01b  5.30+0.09 b 4.70+0.05 b 3.70+0.08 a 3.90+0.11 a 21.20+0.13 b
0.5% DNJ  4.00+£0.00a  7.10+0.11 a 5.40+0.08 a 3.70+0.07 a 3.50+0.06 b 25.60+0.11 a

b3 UL SYERIES g 5 Pl TEHfE EE B B
Treatment  Total survival rate of larva/%  Pupation rate/%  Eclosion rate/% Male-female ratio No. of eggs laid per female
R CK 80.00+1.92 a 100.00+£0.00 a  91.66+0.20 a 0.61+0.02 a 707.33+26.78 a
0.5% DNJ 72.22+1.11b 92.31+1.60b  96.66+1.68 a 0.45+0.05b 555.08+50.28 b

B I B AR TR . RPN RING TR 78 28 Student” s ¢ f6 56 7 K6 0 25 55 1 2 (P<0.05) ., Data are mean+SE.

Different lowercase letters in the same column indicate significant difference by Student’s ¢ test (P<0.05).

2.3 DNJXf £ [E B4 BE SRR AR =T
B N T AR DNT S, 5G4 i s i
&Iy 1R AR T HCE B S R i A e

W T X (P<0.05) , MBI AL R B AR
AR RS A R R M HT 2 T A1, L5 0 TR 22 S ofe e
0 BEE AT ARDRL R DN & 588, ST (U A 5
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AU (F2) . RPUATRAPRDNI B2 BBAHIA.
i A R B (E AR T SR ] gn) o R

*2 R EREKEDNI A TIFH 48 h /5% E G 5 4 0 E FF R HEHR
Table 2 Nutritional efficiency parameters of the 5th instar larvae of Hyphantria cunea fed on the artificial diets containing different
concentrations of DNJ for 48 h
e i iEROR Gy ERH R BEEA R B AR FRXS A %
DNJ e

DNJ concentration/% Relative consumption  Approximate Conversation efficiency Conversation efficiency Relative growth
? rate/(g-g"-d™") digestibility/%  of digested food/% of ingested food/% rate/(g-g'-d")

X} i CK 1.9940.19 ¢ 0.89+£0.01 b 0.12+£0.01 a 0.11+0.05 a 0.26+£0.03 a
0.125 3.7240.22 ab 0.88+0.01 b 0.08+0.01 a 0.07+0.01 ab 0.24+0.03 a
0.250 3.96£0.20 a 0.910.01 a 0.060.08 b 0.06+0.01 ab 0.22+0.03 a
0.500 3.86+0.34 a 0.89+0.01 b 0.05+0.02 b 0.04+0.02 ab 0.16+0.04 ab
1.000 3.49+0.30 ab 0.90+0.02 b 0.04+0.01 b 0.04+0.01 b 0.13+0.01 bc
2.000 2.97+0.27 b 0.95+0.01 a 0.04+0.02 b 0.04+0.02 b 0.10£0.04 ¢

FP B YRR R . RIANE NG FRER R4 Tukey 240 56 24 5 1 # (P<0.05) . Data in the table are mean+SE.

Different lowercase letters in the same column indicate significant difference by Tukey’s test (P<0.05).

2.4 DNJYEE B4 MR SHE N 0.05),0.5%~2.0% DNJ figifs 5 CYP450 i 1, Hirh H
AN [FIREE DNI XS SE [ F e s i g b i 57 A 1.09% DNJ %5 19 CYPA50 1 PE A0 IR 225 T

i 1 BT YA AR AR RS2 (1 2) , Hidh DNT (P<0.05, 81 2-A) . B HEE B9 DNJT(0.125%~0.5% )

XF CYP450 .GST F1 ABC ¥4 iz 5 1 3 P s M0 0G RE R 51542 GST G (P<0.05) , (B = MR 1) DNJ

PR AR YA SRR (ERE DN EAS L (1.0%~2.0%) i GST 1% 1, (H¥ 5 X} IR 22 H o8 g

7 S PR, DNT X UGT fil CarE WG PR 1 (K 2-B).

HIVER . 0.125% DNJ i 24l CYP450 % P (P<

A

#H
8¢ # :
# 3 e '
= = a5 3
£ 6 & S Wt E
<X (e
T 2 %% < 1y & e
& 2 4t 2 #Es
& 3 A2 g =
@ 8 2 5 ez
27 7 1o o5
&2 %7 F<s
0 & 0 = 0
SR 0.1250.25 0.5 1.0 2.0 SR 0.125025 0.5 1.0 2.0 < SH 0.1250.25 0.5 1.0 2.0
CK CK CK
D E
a a 800r a ab
g S ab ab ab —~
@ﬁ S 3 S 600
Egs B
%1%%% % % § 400}
=g e # £ 2000
K= > &)
0 0
S 0.1250.25 0.5 1.0 2.0 SR 0.1250.25 0.5 1.0 2.0
CK CK

DNJ¥K B DNJ concentration/%

E2 BRESAREREDNIFAILAR 36 hiGXE S 4 R izk S Mg SENEYE
Fig. 2 Activities of five detoxification enzymes in the midgut of the 5th instar larvae of Hyphantria cunea fed on the artificial
diets containing different concentrations of DNJ for 36 h
A S T B R . AN TRIING SEBE 7R 4 Tukey K 50 22 5 8 35 (P<0.05) , Data in the figure are mean=SE. Dif-
ferent lowercase letters indicate significant difference by Tukey’s test (P<0.05).

AIFk B DNTHRER S ABC Hia B G, = i A 0.125% DNJ #10.5% DNJ %5 14 ABC #% 1z
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B PE 3 T IR (P<0.05, & 2-C) . 0.125%
DNJ X 36 [ 1 8k 5 88 4 i N UGT 16 A 8 3%
HI/EF (P<0.05) , {H B 2 DNJ ¥ B T+ 55 (0.25%~
2.0% DNI) # il 1 FHBOR 55 , H 5522 A8 10
Z(E2-D). XM DNIWKEEN0.125% F12.0% i}, 5 [
1 5 #7340 H b g P CarE W M 5 0 IR 22 SR 3%
24 DNT ¥R JE N 0.25%~1.0% I}, S5 ik 5 4l g rp
Jifs N CarE 36 M 2 35K T % B8 (P<0.05) , FLFf % DNJ
VR I T R A R SR BR5i , 7E VR 1.0% BHI i 4
s (K12-E) o

3 iTig

5 [ 1 1k 4 R DNT B T4k 4 d s
PRACT , LB Uk B T e AN Ak B RS (] SiE < 40y BRUBE T
ST, ARH DNJAE 6 v F 71 PRl P Xt 5 ] 0
SEF R A AEN ARG BREFEEMN, B
HEEEMIET-. Yan et al.(2018) ] DNJ &b Hi B ik
#x 3 dJe , HA U IRAET , W5 2.0%DNI b S d 5
HA BTN 77.8%, SABIF AR KM . AU
FE4E BRI 0.5% DNI I N ARG , 6 E
W&l U A K R B DT AE K 20.75% , FUHE = B 5
=T K, W] DNJ 5 252 3¢ [ R A K R H
BUE% 0.5% DNJ N TARRLS , 52 B i 6 1840 H
()% 8 D )5 0 BRAR T, {8 7 840 U & B D A
X R, 3T B85 5 ] P e o 1) AR B85 o N R A
BT 0% W6 L R4 (2020) K 04 i It g 4 1 52 [
g 6~7 2 A M R B I . A 5T 45 Rk
TR BT 0.5% 1) DNT b B )5 36 [ 1 ik 4 BA7 6
B AU R b X AR TR IR R AR
DNJ A 5 [ 8 A K & B R B B — 2 I fiAE
F, 5K 55 10 45 (2014) WF 53 1. 3% B DNJ XA ik A=
KEBH BERIMHER.

DNJ BEIN ] o- BTG 1 DT BEL L 2205 53-8 Ry
MR GE SRR, SR R B R AR R R
(Konno et al.,2006; Hirayama et al.,2007) , AffF57
45 5L 1 7~ DNJ A 34U 55 [ 110 &)y H ) AR X R i
BETE D EYALE BRI SRR A R
HNREAR, 22 IH 36 [ 11 0k &)y HUBeE v O T e X &
YIFIFHASCRBEAR ) —FipME: . ASBFRESE ALA T ik
e FE (0.125%~0.250% ) DN X 5 [ 1 1 41 i AH ot
A KR TE I R, H 2 DNT ¥ i 0.5% A 55 [
P19 40y LA AR X A 4 R 0 i 25T X R, SR SE
F ik S T 0.5% ¥ FE /Y DNT A R4 B 33 07 1, 24
DN B 5 T 0.5% A 23 I 25 3 71 95 [ 1 ik i A Ko

AR SRR AR W) DND & i e i (A9, (HL SRt
DNJ & 84K T 0.5% (M fi A1 55, 2009 5 25 44 15 45
2020; £5H055,2021) , PR SE [ (I RE R H 5 11
7R D F DN i

TP AL = A 2R 2R A AR ST A A
Bk R B, TR AR P B s h DA B2 Tl AR
kiR 2R G0 LAV Bkt S R A R A AR T
BE (BRET%,2015) . AL R BN 0.125%~
2.000% DNJ X 3& [E 48k 5 #%4) #L CYP450 . GST #1I
ABC #4328 85 1G58 AN R R 1A SAE R . B
BERETIRMEERR NN TR, 26 5 [ ik
ORI 3 o i 7 R P PR AS R R B T v (T
WES 20205 A%, 2020) , B 5% 3 Fh iR
169 B kg s P R R . H 1.0%~1.5%
ARG SE [ ik 5 il dUR , AR N GST 164
Bl G, {2 CarE TEME 1 3 T (XIBEES, 2020)
SRS R 225 0.5% 57 1.0% il ¢ K BE!
FAB S HE AN P450 FI GST IHE, T 458 e v FEE A e
K (3.0%) 1% A 315 5 P450 16 M, XF GST 16 1k
(5 AT 1% Hit i 2 A0 3% 1t B2 R 155 51 CarE
TG VRS T 1% it B R 5 5 19 5 P (Zhang et al.,
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% ,2018)

A5 45 5 2 B — 2 W B 1 DNJ 2% 92 (1
WA K R BB P A AN R R [ s 5 [ ke
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RIESRXT DN [ fFEERE 7, AT 7 A4 v —
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